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@ Flame retardants for polymers. 



@ A reaction of alumina trihydrate, dimethyl methylphosphonate and a phosphonic acid of fonmula 
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where R' denotes an alkyl group of 1 to 4 carbon atoms, optionally substituted by at least one group 
selected from a hydroxy! group, a carboxyl group or a phosphonic acid group -P(0)(OH)z, «• a Cs to C,2 
aryl group and R2 denctes a hydrogen atom or an alM group of 1 to 4 carbon atoms, is useful as a flame 
retardant for polymers. 
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This invention relates to reaction products of alumina trihydrate, dimethyl methylphosphonate and a phos- 
phonic acid and the use of such reaction products as flame retardant additives for polymers. 

European Patent Publication EP 0245207 describes and claims compositions comprising a halogen-free 
polymer and, as flame retardant, a metal or metalloid salt of an alkylphosphonic acid or a substituted alkylp^os- 
5 phonic acid such as aluminium methyl methylphosphonate. In EP 0327496 there Is described a process for 
producing metal or metalloid salts of methyl methylphosphonfc acid, including the aluminium salt, which com- 
prises reacting, under non-aqueous conditions, dimethyl methylphosphonate with a finely divided form of the 
oxide or hydroxide of the metal or metalloid, for example trihydrated alumina. 

Polymer compositions containing salts as described in the above mentioned publications, and articles such 
10 as mouldings made by processing such compositions, generally have good flammability characteristics. It is 
frequently desired to Include titanium dioxide as a pigment in these compositions to give white finished articles. 
The inclusion of titanium dioxide in amounts conventional for its use as a pigment tend to render the polymer 
compositions less flame retardant. 

It has now been found, surprisingly, that novel products obtained by reacting alumina trihydrate, dimethyl 
IS methylphosphonate and a phosphonic acid impart very good flame retardance to polymer compositions, includ- 
ing those containing titanium dioxide. 

Accordingly, the present invention provides a reaction product of alumina trihydrate, dimethyl methylphos- 
phonate and a phosphonic acid of formula 
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where R} denotes an alkyi group of 1 to 4 carbon atoms, optionally substituted by at least one group selected 
from a hydroxy! group, a carboxyl group or a phosphonic acid group -P(=0)(0H)2, or a Cs to Ci2 aryl group and 

30 R2 denotes a hydrogen atom or an alkyl group of 1 to 4 cart>on atonrte. 

Where in formula I denotes a hydroxyalkyt group, it is usually an alkyl group substituted by one hydroxyl 
group such as a hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl or 3-hydroxypropyl group. When denotes 
a cart>oxyl-substituted alkyl group. It may be, for example, a carboxymethyi, 2-carboxyethyl or 2-carboxypropyi 
group. R^ may denote an alkyl group substituted by both a hydroxyl group and a carboxyl group, for example 

35 a hydroxycarboxymethyi group. Where R^ denotes an alkyl group substituted by a phosphonic acW group, it 
may l>e. for example, a 1-hydroxy-1-phosphonoethyl or hydroxyphosphonomethyl group. Ri as Ce to C^2 aiyi 
is usually aryt hydrocart)oxyl for example phenyl, naphthyl, or C7-C12 alkylphenyl such as tolyl or xylyl. 

SuitatHe acids of formula i thus include phosphonoacetic acki, alpha-hydroxyphosphonoacetic acid. 2- 
phosphonopropionic acid, 2-methyl-3-phosphonopropionic acid. 1 -hydroxyethylidene- 1, 1 -diphosphonic 

40 acid, hydroxymethyl ene diphosphonic acid, phenylphosphonic acid, naphthylphosphonic add and nrK>no C^-C^ 
alkyl derivatives of such acids. 

Preferably, R^ denotes a C1-C4 alkyl group which is unsubstltuted or substituted by one cart)Oxyl group, 
by one hydroxyl group and one cart)oxyl group, or by one hydroxyl group and one phosphonic ackl group, or 
R^ denotes a Ce to Ce aryl group. Especially preferred groups R^ are methyl, carboxymethyi, hydroxycar- 

45 boxymethyl. 1-hydroxy-1-phosphonoethyl and phenyl groups. 

preferably denotes a hydrogen atom or a methyl group. Thus preferred acids Include methylphosphonic 
acid, ethylphosphonk: ackl, n-propylphosphon!c acid, methyl methylphosphonic acid, methyl ethylphosphonic 
acid, phosphonoacetic ackl, methyl phosphonoacetic ackl, 2-phosphonopropionic acid, alpha-hydroxyphos- 
phono-acetic acid, hydroxymethylene diphosphonic add, 1-hydroxyethylidene-1,1-diphosphonic ackl, phenyl- 

50 phosphonic acid and tolylphosphonic acids. Especially preferred acids of formula 1 are methylphosphonk: acid, 
methyl methylphosphonic acid, phosphonoacetic ackl, alpha-hydroxyphosphonoacetic acid, 1-hyd- 
roxyethylidene-1,1-diphosphonic acid and phenylphosphonic acid. 

The flame retardant reaction product of the invention may be obtained by heating alumina trihydrate, 
dimethyl methylphosphonate and the phosphonic acid of formula I together, usually at a temperature of 100 to 

55 aOO'^C, preferably at 150 to 180*'C. The reaction is preferably canied out in a soh^ent, whteh may be excess 
dimethyl methylphosphonate or an inert solvent such as xylene or chlorobenzene, and methanol formed during 
the reaction is distilled off. In especiaOy prefenred embodiments of the inventton, the reaction is carried out under 
reflux using excess dimethyl methylphosphonate as the solvent 
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The alumina trihydrate is preferably used in finely divided form, the preferred particle size being 2 microns 
or less, especially 1 micron or less. The amount of phosphonic acid may be from 5 to 80% by weight, preferably 
10 to 50% by weight, based on the weight of the alumina trihydrate. The dimethyl methylphosphonate may be 
used in a stoichiometric amount for reaction with the alumina trihydrate or, as hereinbefore described, It may 

5 be used in excess to act as reaction solvent. In the latter case, the weight ratio of dimethyl methylphosphonate 
to alumina trihydrate Is preferably at least 10:1, especiallyfrom 20:1 to 50:1. 

The reaction product of the invention is useful as a flame retardant additive in polymer compositions. 
Accordingly, the invention also provides a composition comprising (A) a polymer and (B) as flame retardant 
additive, an effective amount of a reaction product of the invention as hereinbefore described. 

10 In polymer compositions of the invention, the additive (B) may be present in an amount of 1 to 1 00%, pref- 

erably 1 to 40% and especially 5 to 1 5%, by weight based on the weight of the polymer (A). The optimum amount 
used generally depends on the nature of the polymer and may be determined by simple experiment The addi- 
tive (B) may be used in various physical fonns depending on the nature of the polymer (A) and the desired 
properties. For instance, the salt may be ground to a finely divided forni to enable better disperston throughout 

IS the polymer. 

In accordance with the present invention, polymer compositions having a very good flame retardance can 
be obtained even when titanium dioxide is included in such compositions as a pigment. When included, the 
titanium dioxide is usually present in an amount of 0. 1 to 30%, preferably 0.5 % to 15 %. by weight based on 
tiie weight of the polymer (A). Particles of the dioxide may have a coating of a white hydrous oxide such as 
20 silica or alumina, as in many commercial variants of titanium dioxide supplied for use in polymer compositions, 
to improve the dispersibility of the dioxide in the polymer. The particles may have a coating of an oiganic ma- 
terial; dimethylsiloxane, pentaerythritol and triethanolamine have been widely used to coat titanium dioxide for 
use In polymer compositions. 

25 Examples of polymers (A) which may be flame retardant are: 

1 . Polyphenylene oxides and sulfides, and blends of these polymers with styrene graft polymers or styrene 
copolymers such as high impact polystyrene, EPDM copolymers with rubbers, as well as blends of 
polyphenylene oxide with polyamldes and polyesters. 
30 2. Polyurethanes which are derived from polyethers, polyesters or polybutadienes with terminal hydroxyl 
groups on the one side and aliphatic, cydoaliphatic or aromatic pdyisocyanates on tiie other side Including 
polyisocyanurates, as well as precursors. thereof. 

3. Polyamldes and copolyamides which are derived from diamines and dicarboxylic acids andtor from 
aminocarboxylic acids or the corresponding lactams, such as polyamide 4, polyamide 6, polyamlde 6/6, 

35 polyamide 6/10. polyamide 11, pdyamide 12, poly-2,4.4-trimethy!hexamethylene terephthalamide or po- 
ly-m-phenyleneisophthalamide,as well as copolymers thereof with poiyetiiers, such as polyethylene 
glycols, polypropylene glycols or polyteaamethylene glycols. 

4. Polyesters which are derived from dicarboxylic acids and dihydric alcohols and/or from hydroxycar- 
boxylic acids or the corresponding lactones, such as polyethylene terephthalate, polybutylene terephtha- 

40 late, poly- 1,4-dimethlol-cyclohexane terephthalate and polyhydroxybenzoates as well as 

block-copoly-ether-esters derived from polyethers having hydroxyl end groups. 

5. Unsaturated polyester resins which are derived from copolyesters of saturated and unsaturated dicar- 
boxylic acids with polyhydric alcohols, together with vinyl compounds as cross-llnldng agents. 

6. Polystyrene. 

45 7. Graft copolymers of styrene, such as. for example, styrene on polybutadiene. styrene and acrylonitrile 

on polybutadiene, styrene and alkyi acrylates or methacrylates on polybutadiene, styrene and acrylonitrile 
on polyacrylates or pdymetiiacryiates, serene and acrylonitrile on acrylate/butadlene copolymers, as well 
as mixtures thereof wfth random copolymers of styrene or alpha-methylstyrene wltti dienes or acrylic deri- 
vatives, for instance the polymer mixtures known as ABS, MBS, ASA or AES polymers. 

so 8. Epoxide resins such as polyglycidyl ethers of polyhydric alcohols or phenols, preferably of bisphenols. 

particulariy blsphenol A diglycldyl ethers, or cydoaliphatic diepoxides, togetfier with curing agents theref- 
ore. 

9. Polycarbonates, Including homopolycarbonates and copolycarbonates of bisphenois, especially those 
based on blsphenol A. 

55 10, Blends of serene polymers 7 as hereinbefore defined, especially ABS polymers, with polycarbonates 

9 as hereinbefore described. 

Especially useful compositions of the invention include those where the polymer (A) is a polyphenylene 
oxide, a polyphenylene sulphide or a blend of said oxide or sulphide with a copolymer and/or graft polymer of 
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styrene, particularly a blend of polyphenylene oxide with high impact polystyrene. 

The compositions of the invention may also contain other conventional ingredients, such as heat stabilisers, 
light stabilisers, ultra-violet light absorbers, antioxidants, antistatic agents, preservatives, adhesion promoterei 
fillers, pigments. lubricants, blowing agents, fungicides, plasticisers, processing aids, other fire-retardantaddi^ 

5 tives and smoke suppressants. 

Other fire retardant additives which may be used together with the additive (B) include phosphorus-con- 
taining esters and salts, for example triaryl phosphates such as triphenyl phosphate and ali^ated derivatives 
thereof, e.g. isopropylated derivatives thereof as described in US 3576923, resorcinol tefraphenyl bisphos- 
phate. alkyi aryl phosphates such as 2-ethylhexyI diphenyi phosphate and isodecyl diphenyl phosphate, and 

10 ammonium polyphosphate; halogen-containing, especially bromine and chlorine-containing, compounds such 
as decabromodiphenyl ether, hexachlorocyclopendadiene, brominated polystyrene, bromoalM-substituted 
aromatic compounds, haloalkyi phosphates and haloalkyi phosphonates; and metal compounds such as anti- 
mony oxide, hydrated alumina, bfemuth oxide, molybdenum oxide and mixtures of these compounds with zinc 
and/or magnesium oxides or salts. 

15 The invention is illustrated by the following Examples, in which parts and percentages are by weight unless 

stated otherwise. 

Example 1 : 
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Dimethyl methylphosphonate (1300 parts), trihydrated alumina having an average particle size of 1 micron 
(26 parts) and methylphosphonic acid (13 parts) are heated under reflux, with stimng. for 8 hours. Volatile ma- 
terial evolved during this period, amounting to 26 parts, is collected. The precipitate formed in the reactbn mixt- 
ure IS filtered off. washed twice with 260 ml of methanol and subsequently dried at 120*^C under vacuum to 
constant weight, to give 110.8 parts of a solid product which does not melt at temperatures up to 250*»C. 



Example 2: 

The procedure for Example 1 is repeated, but using 650 parts of dimethyl methylphosphonate and 6.5 parts 
of methylphosphonic acid instead of the amounts used in Example 1. Distillate collected during the heating 
30 amounted to 15 parts. 1 14. 1 parts of a product which is solid up to 250X is obtained. 

Example 3: 

The procedure of Example 1 is repeated, but replacing the methylphosphonic add by methyl methylphos- 
35 phonic acid (2.6 parts), to give 27.6 parts of distillate and 1 1 1 .5 parts of solid product which does not melt at 
temperatures up to 250''C. 

Example 4: 

40 The procedure of Example 3 is repeated, but increasing the amount of methyl methylphosphonic acid to 

6.5 parts, to give 19.0 parts of distillate and 109.5 parts of solid product which does not melt at temperatures 
up to 250'*C. 

Example 5: 

45 

Dimethyl methylphosphonate (650 parts), trihydrated alumina having an average partlde size of 1 micron 
(26 parts) and phosphonoacetic add (13 parts) are heated underreflux. with stirring for 8 hours. Volatile material 
evolved during this period, anrrounting to 33 parts, is collected. The predpitate fomied in the reaction mixture 
IS filtered off. washed twice with 250 ml methanol and subsequently dried at 120^*0 under vacuum to constant 
so weight to give 109.5 parts of a white solid product which does not melt at temperatures up to 250»C. 

Example 6: 

The procedure of Example 5 is repeated but using 13 parts of phenylphosphonic acid instead of phos- 
55 phonoacetic acid. Distillate collected during the heating amounts to 27 parts. 108.6 Parts of sdkJ product, which 
does not melt at temperatures up to 250*'C, are obtained. 



4 




EP 0 451 101 A2 



Example 7: 

The procedure of Example 5 is repeated but using 13 parts of alpha-hydrpxyphosphonoacetic acid instead 
of phosphonoacetic acid. Distillate collected amounts to 53 parts. 100.7 parts of solid product, which does not 
5 melt at temperatures up to 250^C. are obtained. 

Example 8: 

The procedure of Example 5 is repeated but using 13 parts of 1-hydroxyethylidene-1,1-diphosphonic acid 
10 instead of phosphonoacetic acid. Distillate collected amounts to 24 parts. 1 07 parts of solid product, which does 
not melt at temperatures up to 250^C, are obtained. 

Examples 9-12: 

IS Polymer compositions are prepared from a mixture of a blend of polyphenylene oxide (35 parts) and high 

impact polystyrene (65 parts) and, as flame retardant additive, one of the solid products of Examples 1 to 4 
(1 0 parts). The mixture is melt-extruded at 270*'C using a twin screw compounding extruder. The resulting ext- 
mdate is pelletised and injection moulded to give test bars of 1.6 mm thickness which are subjected to the 
Underwriters Laboratories Subject 94 (UL 94) test procedure for assessing flammability perfonnance. 

20 The results obtained for the compositions containing different flame retardant additives are given in Table 

1 . UL 94 classifications of 94 V-0. 94 V-1 and 94 V-2 indicate decreasing level of flame retardant performance 
under the test conditions, while classification FB indicates that the composition "freely bums", Le. fails to meet 
the requirements of 94 V-2. 

Table 1 



Example No. 


Additive 


UL 94 Class 


9 


Example 


1 


94V-0 


10 


Example 


2 


94 V-1 


11 


Example 


3 


94 V-1 


12 


Example 


4 


94 V-1 



40 Example 13: 

The procedure of Examples 9 to 12 Is repeated for a composition as used in Example 9 but also Including 
7.5 parts of <g)Konos CL 220. a titanium dioxide available from NL Chemicals Limited. The test result classifies 
this composition as 94 V-1, indicating that the Inclusion of titanium dioxide does not prevent the composition 
45 from achieving a very good level of flame retardance in this test 

Examples 14-17: 

The procedure of Examples 9 to 12 Is repeated for compositions as used in those Examples, but containing 
50 one of the products of Examples 5 to 8 (10 parts) instead of the product of Examples 1 to 4 and also including 
5 parts of ®Konos CL 220. The results obtained are gh^en in Table 2. 
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Table! 



Example No. 


Additive 


UL 94 Class 


14 


Example 


5 


94 V-1 


15 


Example 


6 


94V-1 


16 


Example 


7 


94 V-1 


17 


Example 


8 


94 V-1 



These results show that inclusion of titanium dioxide does not prevent polymer compositions from achieving 
a very good level of flame retardance. 



Claims 

1. A reaction product of alumina trihydrate, dimethyl methylphosphonate and a phosphonic acid of formula 



O 
II 

P OH I 

I 

where Ri denotes an alkyi group of 1 to 4 carbon atoms, or an alkyi group of 1 to 4 cart)on atoms substituted 
by at least one group selected from a hydroxyl group, a carboxyl group or a phosphonic acid group 
-P(=0)(0H)2. or a Ce to C^2 aiyl group and denotes a hydrogen atom or an alkyi group of 1 to 4 cart>on 
atoms, 

2. A product according to claim 1, in which denotes a to C4 aikyl group which is unsubstituted or sub- 
stituted by one carboxyl group, by one hydroxyl group and one carboxyl group, or by one hydroxyl group 
and one phosphonic acid group, or R^ denotes a Ca to Ca aryi group. 

3. A product according to dalm 2, in which R^ denotes a methyl, carboxymethyl, hydroxycarboxymethyl, 1- 
hydroxy-1-phosphonoethyl or phenyl group. 

4. A product according to daim 1, in which denotes a hydrogen atom or a methyl group. 

5. A product according to claim 1, in which the acid of Formula I is methyiphosphonic acid, methyl methyl- 
phosphonic acid, phosphonoacetic acid, alpha-hydroxyphosphonoacetk: acid,1-hydroxyethylidene-1,1- 
diphosphonic acid or phenylphosphonic acid. 

6. A process for the preparation of a product according to daim 1 , which comprises heating alumina trihydrate, 
dimethyl methylphosphonate and the phosphonic acid together at a reaction temperature of 10 to 200^*0. 

7. A process according to claim 6, in which the amount of the phosphonic add Is from 5 to 80% by weight of 
the alumina trihydrate. 

8. A process accoiding to claim 6, in which the alumina trihydrata has a partide size of 2 microns or less. 

9. A composition comprising (A) a polymer and (B) as flame retardant additive, at least one product according 



to claim 1. 
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10. A composition according to claim 9, in which the acid of Fonmula 1 is methyiphosphonicacid, methyl methyl- 
phosphonic acid, phosphonoacetic acid, alpha-hydroxyphosphonoacetic acid, 1-hydroxyethylidene-1,1- 

5 diphosphonic acid or phenylphosphonic acid. 

11. A composition according to claim 9, in which the amount of (B) is from 1 to 40% by weight, based on the 
weight of the polymer (A). 

10 12. A composition according to claim 9, which also contains 0.1 to 30% by weight based on the weight of the 
polymer (A), of titanium dioxide. 

13. A composition according to claim 9, in which the polymer (A) is a polyphenylene oxide, a polyphenylene 
sulphide or a blend of said oxide or sulphide with a copolymer or graft polymer of styrene. 

15 
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where denotes an alicyl group of 1 to 4 
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